Abstract Background: Breast cancer (BC) is the most common cancer afflicting Puerto Rican women and accounts for more cancer-related deaths in this population than any other cancer.
Worldwide, the malignancy that occurs most frequently in women is breast cancer (BC) [1] . In 2011, an estimated 230,480 new cases of invasive BC were expected to be diagnosed in women in the United States, along with 57,650 new cases of non-invasive (in situ) BC [2] .
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Hispanics are the fastest growing minority in the US, with 9% of the Hispanic population being Puerto Ricans [3] . Although mainland and island Puerto Ricans are included in the statistics of the US as part of the Hispanic group, differences in risk factors among mainland Puerto Ricans versus island Puerto Ricans have been found-most notably, lower BC incidence in the latter group [3, 4] . Similarly, Nazario et al. estimated the lifetime risk of Puerto Rican women developing BC at 5.4% [5] ; however, reported lifetime BC risk in the US is 2.3 times higher: 12.5% [6] . The incidence of BC among island Puerto Ricans has been increasing in recent years [4, 5] ; this warrants investigation.
BC is the most prevalent of all cancers in Puerto Rico (PR) and accounts for 30.3% of all female cancers [7] . BC also has the highest mortality of all cancers in this population [7, 8] . The most recent data available through the Puerto Rico Cancer Registry state that between 2005 and 2009, 1725 new BC cases were reported in PR [7] . Thus, there is a need to pursue new ways to prevent, predict, identify, and mitigate the impact of BC in the Puerto Rican population.
Limited published data exist regarding the epidemiology of BC in PR [5, 7] , and most information explores only incidence and mortality [5, 7, 8] . Due to the multiethnic composition of this population, which is an admixture of European, African, and Amerindian ethnic groups [9] , it is important to study the risk factors that could make this population less susceptible to developing BC than other populations.
Because BC is a multifactorial disease that is a result of the interplay between genetic, epigenetic and lifestyle factors [10] , the risk factors chosen in this study reflect all those domains. The modifiable risk factors under study represent risk factors that had been studied previously in other populations. In this study, the aim was to confirm their impact on the population of PR. This may be the first research to study those concurrently with genetic (receptor status) and epigenetic factors.
Regarding the latter, DNA repair capacity (DRC) was analyzed as a risk factor for BC. DRC is critical for maintaining genomic integrity, minimizing DNA mutations and replication errors [11] . Differences in DRC among individuals partially explain intrinsic sensitivities to mutagens and carcinogens [12] . Indeed, a number of studies have shown that low DRC correlates with higher cancer risk [13] [14] [15] . A recent study with the same cohort of women showed that, on an average, Puerto Rican women with BC have a 60% reduction in DRC compared with controls [15] .
In this study, the association of all these potential risk factors for BC in Puerto Rican women was also evaluated. Elucidating these BC risk factors will provide increased opportunities for BC prevention and control [16] .
Materials and methods

Case control selection
Participants comprised of 1126 adult female Puerto Rican residents, age 21 or older: 465 recently diagnosed BC cases and 661 without BC. Cases were patients who were: (1) recently diagnosed and histopathologically confirmed primary breast carcinomas; and (2) treatment-naïve -that is, they had not received chemotherapy, radiotherapy, or blood transfusions in the previous 5 years, as described by Matta et al., 2012 [15] . Patients with a prior history of cancer or with BC secondary to other cancer types were excluded. Controls were women (1) whose mammogram was negative within the previous 6 months; (2) who had undergone a clinical breast examination by a gynecologist or other physician; and (3) who had not received any blood transfusions within the previous 5 years. Patients were recruited as incident cases between 2006 and 2012 in collaborating private clinical practices, and controls were recruited concurrently. The sample obtained represented 83% of the 78 counties of PR.
Sample
The sample size was calculated utilizing CDCÕs Epi Info 7.0; it was found that the current sample would allow for a statistically significant odds ratio (OR) as low as 1.7 when the percent exposed among controls is 10% or higher (type I error = 0.05, type II error = 0.20; power 80%).
Data collection
Cases and controls completed a written informed consent, a HIPAA form, and participated in an interview based on a seven-page epidemiological questionnaire. Data gathered from the questionnaire included information on age, body mass index (BMI), family history of cancer, genetic, gynecological, hormonal, and environmental factors, selected nutritional variables including multivitamin and calcium intake, and other variables that could provide an estimate of BC risk. The selection of the potential predictors (exposures) under study and the questions used were based on previously published research on BC.
1 This study was approved by the Institutional Review Board (IRB) of the Ponce School of Medicine and Health Sciences and by the IRBs of participating clinics that had such a body.
The research staff received proper training regarding NIH Guidelines for the Study of Human Subjects. A registered nurse interviewed each participant and drew a blood sample for assessing DRC (using a host-cell reactivation assay).
Host cell reactivation assay
The host cell reactivation assay was performed as described by Matta et al., 2012 [15] .
Statistical analysis
Data analyses were performed using the SPSSÒ 17 statistical package (SPSS; Chicago, IL). BC cases and controls were compared with regard to the distribution of selected exposures such as age, BMI, family history of BC, irregular menses, breastfeeding practices, intake of vitamins and calcium supplements, and DRC level. DRC was categorized as low, medium, or high using tertiles from the whole sample. For the unadjusted analyses, cases were compared with controls in terms of the selected exposures (covariates). For categorical variables, the odds ratio (OR) was used as a measure of association, and the 95% confidence interval of the OR was utilized to assess the precision of this estimate. The two-tailed FisherÕs exact test was calculated to measure the statistical significance of the crude OR [17] . A P value 60.05 indicated statistically significant results.
Continuous variables, including those related to age (oral contraceptive use, birth of first child, hysterectomy, and oophorectomy) were categorized. After using the Mantel and Haenszel stratified analysis to explore confounding and interactive effects among all variables in the study, multiple logistic regressions were used to measure the adjusted OR. Potential interactions with covariates such as age groups, menopause, and parity were further examined using multiple logistic regressions, adjusting for all confounders simultaneously [17] . No important effect modifications or statistically significant interactions were found during the analyses. To evaluate the association between BC and selected variables, the analysis was adjusted by age, BMI, family history of BC, menopause, number of children, alcohol use, smoking and vitamin use.
Results
A total of 465 BC cases and 661 controls were analyzed in the study. The mean age (±SD) of women with BC (range: 24-89 years) and controls (range: 21-87 years) was 56.4 ± 12.6 and 52.3 ± 12.5, respectively (P < 0.001). Table 1 includes the description of tumor characteristics among cases: 65.3% infiltrating ductal, 4.7% infiltrating lobular, 17.9% in situ ductal, 1.8% in situ lobular, and 9.8% mixed components. In terms of receptor status, 73.5% of the cases were estrogen receptor positive (ER+), 66.9% were progesterone receptor positive (PR+) and 76.8% were Her2 receptor negative (Her2À). In terms of ER and PR, a positive receptor status indicates better prognosis and more options of treatment available. A negative Her2 receptor status indicates a less aggressive cancer. Table 2 includes the associations between BC and gynecological variables. Having a history of endometriosis decreased the risk of having BC by 39% (P = 0.039). Women who began menopause after age 50 had a 41% greater risk of having BC (P = 0.023), while, for women currently in menopause, no statistical significance was shown (P = 0.278). An inverse association between parity status and cancer risk was also observed. The adjusted odds ratio for P5 children reached 0.42 (P = 0.006) versus nulliparous women. Also, in an analysis of parity on a continuous scale, it was found that the risk of BC decreased by 11% (OR = 0.89, P = 0.003) with each subsequent birth. Furthermore, women who had their children at a younger age, especially age 20-29, showed a 41% lower risk of developing BC (OR 0.59, P = 0.011). Oral contraceptives appeared to be associated with a 38% decreased risk of BC, if they were used after age 21 (P = 0.048). Hysterectomy (defined as the surgical removal of the uterus) on a continuous scale was not statistically significant. However, women who had a hysterectomy between the ages of 41 and 49 had a 56% lower risk of having BC (P = 0.020). That reduced risk appeared to decline by 1% with each year after hysterectomy (P = 0.044). In terms of menopause hormone therapy (MHT), it was found that BC postmenopausal cases were 26% less likely to have used MHT than controls (P = 0.001). Women who breastfed for 6 months or more had a 36% lower risk of developing BC (P = 0.057; borderline significance). Table 3 shows the association of BC with other selected variables. DRC as a continuous variable increased the risk of women developing BC by 1.54 times. Women with low DRC levels (62.52%) had 17.3 times greater risk of developing BC in their lifetime. Women with medium DRC levels (2.53-5.36%) had 2.7 times greater risk of developing BC compared with those with high DRC levels (P5.37%). Both associations were statistically significant (P < 0.001). Women 41-60 years of age had 1.78 times greater risk of developing BC compared with women 21-40 years of age (P = 0.036).
The remainder of Table 3 lists modifiable risk factors and their impact on BC risk. Education level was an important risk factor for BC in the study population. Women with high school education (9-12th grade) showed a slight increase in BC risk of 1.3 times (P = 0.086), while those with only an elementary school education (1st-8th grade) had 3.4 times greater risk of having BC (P = 0.003).
Regarding marital status, widows had 2.1 times greater risk of having BC (P = 0.039) than did married women, followed by those who were divorced, who were 2.6 times more likely to have BC (P = 0.002). Smokers had 1.58 times the risk of having BC (P = 0.066) than non-smokers. Those with a family history of BC had twice the risk (P = 0.001) of having BC in their lifetime. Women who had a family history of any other cancer (not BC) had a 35% greater risk of having BC (P = 0.031). No statistical association with BC was found regarding alcohol consumption and BMI.
Regarding vitamin consumption, 57.4% of women reported taking vitamins. The odds of currently taking vitamins was 50% lower in the BC cases (P < 0.001), while consumption of vitamins (5-year period) showed a decrease in BC risk by 40% (P < 0.001). In terms of multivitamin and calcium intake, BC patients had 30% and 50% less consumption than the control group, respectively (P = 0.005, P < 0.001, respectively).
Discussion
This study provides an overview of the major epidemiological factors for BC in PR using a sample of women that includes 465 BC cases and 661 controls. In this study, as in previous studies, it was shown that high DRC protects women against BC; a low DRC is a BC risk factor for the Puerto Rican population. Previous studies have indicated similar results of an association of DRC with BC risk [13, 15] when analyzed as both a continuous and categorical variable [18] . A broad discussion on the usefulness of DRC level as a measure of BC risk was recently published by Matta et al., 2012 [15] .
Another molecular factor described is hormone receptor status, which guides BC treatment choices and indicates disease prognosis. In general, PR+ and ER+ are indicators of a good prognosis [19] which, in this study, was of the majority of the sample. In this study population, 13.4% of the sample was triple negative (ERÀ, PRÀ, Her2À). Those patients carry the worst prognosis and have a high rate of relapse, especially within 3-5 years of initial treatment [20] .
Reproductive factors were shown to modulate BC in the study population. This study found that having a diagnosis of endometriosis was protective against BC. This may be due to the way endometriosis is treated; long-term estrogen-suppressive pharmacological therapy decreases estrogen levels, thus reducing BC risk [21] . MHT was also shown to be important in modulating BC risk. Almost all women in this study who had a history of MHT treatment reported the use of estrogenonly MHT (98.6%) because it is the most popular MHT treatment that Puerto Rican physicians prescribe. The findings of MHT being a potential protective factor for BC need to be studied further; the literature indicates that increased risk of BC contributable to MHT treatment is due to a formulation that combines estrogen with progestin [22] . The use of estrogen-only MHT has a less clear effect on BC risk [23] . Elevated estrogen levels found in women with both ovaries and those going through late menopause are at least partly responsible for those women having BC some time in their lives.
In addition, this study showed that women who had a hysterectomy and/or an oophorectomy had lower odds of having BC. It was also found that women who have a hysterectomy at an advanced age have an increased risk of BC. This association could be explained by a longer lifetime exposure to estrogens and other hormones that have been found to be associated with BC [24] .
An increased number of pregnancies and a younger age at a full-term pregnancy decreased the risk of BC. Changes in gene expression have been observed in breast tissue of parous women compared with nulliparous women [25] , thus providing a rationale for pregnancy-related protection against BC.
The protective effect found in breastfeeding women did not reach statistical significance due to the reduced number of women who reported breastfeeding for a prolonged period of time (P6 months). This finding is particularly important because of the cultural decline in the prevalence of breastfeeding in Puerto Rican women [26] . Breastfeeding, like some endometriosis treatments, decreases estrogen levels, thus helping to decrease the risk of BC in premenopausal women. A longer duration of breastfeeding delays reestablishment of ovulation after pregnancy, thus decreasing the cumulative ovulatory menstrual cycles.
Having a family history of BC and/or any type of cancer increases the odds of a woman having BC. Relatives share genes, lifestyles, and environmental factors that collectively may influence their health and their risk of developing BC.
Higher education was associated with decreased BC risk; women who stopped their education at a relatively low level (i.e., elementary school) were at higher risk for BC when compared with those who had at least an associate degree [27] . This association is controversial because some studies attribute a high educational level to high risk of BC [27] , while others present the opposite [28] .
Changes in social and lifestyle patterns due to widowhood or divorce appear to have an impact on BC risk [29] , and these results support that: both widows and divorcees had higher odds of having BC compared with married women. Widows tend to be older women (aging is a risk factor in BC) and more prone to depression and stress caused by the loss of a spouse.
An increased risk in BC in Puerto Rican women who smoke cigarettes was also observed. A number of studies have suggested that smoking increases the risk of BC [2] , but this relationship is still controversial. Further studies are required to confirm this finding in the population studied.
The odds of having BC increased with age [2] . It was found that in this population, women between the ages of 40 and 61 years of age should be screened more frequently for BC.
In agreement with other publications [30] , this study found that BC risk increases as BMI increases. However, our results did not reach statistical significance. That may be due to the similarity in BMI among cases and controls, mean BMI (±SD) of 27.9 ± 5.5 and controls 27.3 ± 5.0 (P = 0.081), 66% of the sample studied reported being overweight or obese. This may be due to self-reported weight and height, which could potentially increase random error and variability, leading to an underestimation of the real association.
Public health relevance
Despite the fact that BC is the #1 cancer in Puerto Rican women, limited research has been done regarding its treatment and prevention on the island. This study is the first to use a large cohort of women to identify important protective and risk factors for this population. Because some of these risk factors are modifiable, the knowledge gained from this study has practical applications in terms of modifying public health policy for further BC prevention. State public policy regarding cancer control is influenced by the Puerto Rico Cancer Registry. However, the Registry currently only collects epidemiological data; it does not analyze or publish population studies. Thus, this study provides additional critical data required for a more effective BC control plan. Some of the findings can help public health personnel target high-risk populations, like those with low levels of education, and create programs to help young women adopt healthier lifestyles/habits that will decrease their risk of BC. Education and outreach to help women implement simple, low-cost risk reduction strategies, including breastfeeding, exercise, and use of multivitamins and calcium (as reported by Vergne et al., 2013 [31] ) can change the face of BC statistics in PR and can possibly provide the basis for risk-reduction models for other populations. In addition, the possibility of widespread use of a simple, non-invasive blood test for DRC is appealing, as currently no such screening test is available.
Limitations
Because of the case-control nature of the study, the temporal and causal associations could not be determined; however, that was minimized because incident cases were recruited in this study. Another limitation in this study could be recall bias; however, an attempt was made to minimize this limitation by relying on recall of current exposures. Selection bias is also a frequent problem in this type of study, but the selection procedures minimized it. Control subjects consist of women recruited from the same locations from which the cases were recruited; if those controls were to develop BC eventually, they would almost certainly be treated in the same clinics from which the cases were recruited [32] . Thus, the selection procedures reduced the bias that otherwise may have been caused by differences in the mode of selecting BC patients and control participants [17] . The two main criteria for selecting all controls were that all participants within the last 6 months prior to enrollment [15] had been examined by their primary physicians (normal clinical breast examination) and had undergone a mammogram that produced negative results. Those criteria reduced the possibility of the existence of undiagnosed BC among the controls [27] . It is possible that some of the associations (around 5%) and their statistical significance levels are artifactual due to a potentially inflated type I error. This problem is especially important for weak associations. Therefore, weak and borderline significant associations should be interpreted with caution as they may not be associated with the outcomes under study. Further studies on the Puerto Rican population are needed to confirm these results.
Conclusions
This study provides an overview of the major risk factors for BC in PR. These results support that family history of cancer or BC, low level of education and aging increase the risk of developing BC. However, this study shows a decreased risk in women with endometriosis, full-term pregnancy at an earlier age, higher parity, and longer duration of breastfeeding.
BC pathobiology is multifactorial and many risk factors have been published. While efforts continue for finding a cure for BC, researchers should concurrently intensify efforts in providing early interventions: implementing programs to mitigate modifiable risk factors, and utilizing knowledge of genetic susceptibly to identify high-risk women to perform earlier BC screening, and diagnosing BC at an earlier stage. All these efforts should be targets for public health interventions.
